Abstract-The 86Rb efflux by high K+ was measured simultaneously during the mechanical responses in pig duodenal circular muscle using a superfusion technique. A slightly higher K+ (17.7-23.6 mM) simultaneously induced tetrodotoxin (TTX) sensitive relaxation and 86Rb efflux. Much higher K+ (47.2-143.4 mM) contracted and also increased the 86Rb efflux markedly, but the extent of TTX-sensitive efflux remained the same as the one at 17.7-23.6 mM K+, indicating that the TTX-insensitive efflux was contraction-related.
Abstract-The 86Rb efflux by high K+ was measured simultaneously during the mechanical responses in pig duodenal circular muscle using a superfusion technique. A slightly higher K+ (17.7-23. 6 mM) simultaneously induced tetrodotoxin (TTX) sensitive relaxation and 86Rb efflux. Much higher K+ (47.2-143. 4 mM) contracted and also increased the 86Rb efflux markedly, but the extent of TTX-sensitive efflux remained the same as the one at 17.7-23.6 mM K+, indicating that the TTX-insensitive efflux was contraction-related.
The former efflux may lead to hyperpolarization linked to relaxation.
replacing an equimolar amount of NaCI with KCI. A Ca2+-free solution containing 2 mM EGTA was also used. These solutions were bubbled with 95% 02 and 5% C02 Circular muscle segments were suspended in 0.6 ml Krebs' solution at 37°C, which was superfused at 2.5 ml/min through a perfusion chamber. The isotonic tension was recorded on a technicorder F (Type 3051, Yokogawa) coupled to a Biophysiograph (Type 180-2, San-ei) via an isotonic transducer (TD-1 1 2S, Nihon Kohden).
The resting tone was adjusted to 0.5 g tension.
Increase in K+ permeability has frequently been assessed by measurement of the 86Rb fluxes (3, 4) because 83Rb has a longer half life (18.8 days) than 42K (12.4 hr). The 86Rb efflux was estimated simultaneously with the change of isotonic tension. After suspension in the bubbled nutrient solution in a chamber (0.6 ml) at 37°C for 10-20 min, circular muscle segments were loaded for 90 min with 86RbCI (20-40 /-iCl/ml) -containing nutrient solution. Superfusion was then started at a flow rate of 2.5 ml/min. The superfusate was collected every 2 min, and its radioactivity was measured with a gamma counter (Aloka Auto Well Gamma System, ARC-500). After collecting the initial solution for 40 min, the muscle segments were exposed to high K+ for 10 min. In the final step of the experiments, the radioactivity remaining in the tissue segments was coun ted. The efflux rate of 86Rb was calculated from the equation: ALX100/(Aox4 ), where 4, is the collecting time interval, At is the count number for t min, and Ao is the initial remaining total counts (calculated) in the tissue at the time=t just before each sampling period. The basal 86Rb efflux rate was obtained as the mean of the 86Rb efflux rate over a 10-min period. The increase in 86Rb efflux (%) during 10 min was estimated with or without tetrodotoxin (TTX, Sankyo) pre treatment (15 min). 86RbCl (New England Nuclear) was purchased as solutions con taining 2.5-7.5 mCi ml-1.
High K+ (17.7-143.4 mM) apparently enhanced 86Rb efflux concentration-depen dently (Fig. 1, a and b) . A peak was attained within 3-5 min, followed by a gradual decrease despite the presence of high K+. The 17.7 mM K+-induced 86Rb efflux increase was accompanied by a concurrent relaxation. The relaxation was maximal and also saturated within 3-4 min (data not shown). The 23.6 mM K+-induced responses, which showed a transition from relaxation to a small con traction, were still accompanied by an 86Rb efflux increase. The extent of efflux at 23.6 mM K+ was greater than that at 17.7 mM K+. K+ at 47.2 and 143.4 mM showed further greater extents of 86Rb efflux increase and contracted the muscle. Finally, the high K+ (17.7-143.4 mM)-induced 86Rb efflux in crease appeared to be concentration-depen dent despite the transitive responses from relaxation to contraction (Table 1 ) . TTX (0.313 ,aM), which completely blocked the 23.6 mM K+-induced relaxation and changed it to small-scale contraction (1), suppressed significantly the 86Rb efflux ac celeration at 3, 5 and 7 min after application of 17.7 mM K+ (Fig. 1a) . The concentration of TTX used did not itself affect the basal 86Rb efflux and resting tension . It further suppressed significantly the 86Rb efflux acceleration at 1, 3, 5, 7 and 9 min after applying 23.6 mM K+, 1 and 3 min after 47.2 mM K+, and only 1 min after 143.4 mM K+. At the highest concentration of K+, the 86Rb efflux increased very rapidly, and it was blocked by TTX only at the initial phase. The contraction by K+ (47.2-143. 4 mM) was not affected by TTX (data not shown). The 86Rb efflux by less than 17.7 mM K+ was extremely low and could hardly be estimated.
The percent increases in total 86Rb efflux acceleration induced by high K+ on 10 min application to a circular muscle segment were plotted quantitatively in the presence or absence of TTX (0.313 rtM) as shown in Fig.  11b . High K+ increased the 86Rb efflux con centration -dependently.
The curve was shifted downwards by TTX. The fraction of TTX-sensitive 86Rb efflux was 2% per 10 min exposure for the total intracellular 86Rb ( Fig.  1 b, Table 1 ). When the ratio of the TTX sensitive part to the total increase of 86Rb became small, the relaxation was reduced, and the contraction after relaxation was increased. kinds of 86Rb (K+) efflux: 1) a relaxation related and TTX-sensitive efflux and 2) a contraction-related and TTX-insensitive ef flux. We focused on the former kind of 86Rb efflux. In a previous paper (1), we reported that a restricted range of concentration of high K+ (11.8-29.5 mM) hyperpolarized the membrane.
Both relaxation and hyper polarization were blocked by TTX as well as electrical stimulation-induced ones (1, 2). These findings suggest that high K+ may stimulate the release of some inhibitory transmitter(s), leading to the increase in K+ efflux and hyperpolarization linked to re laxation. The fact that mesaconitine (a Na channel activator), tetraethylammonium, apa min and ouabain potentiated the K+-induced relaxation (1, 2, 5) also support this hypo thesis. The presynaptic site may be more susceptible to these agents than the post synaptic site, since these agents relaxed the circular muscle in higher concentrations (data not shown). Some inhibitory substances may be released maximally by more than 17.7 mM K+, because the fraction of the TTX-sensitive part of the 86Rb efflux for 10 min was constant ( Table 1 ). The involvement of Na-K ATPase may be ruled out because ouabain (0.136 ,uM) potentiated the K+-induced relaxation. Some smooth muscle relaxants such as nicorandil (increases K+ permeability and hyperpolarizes the membrane, an apamin insensitive Cat'-activated K+ channel ac tivator) (6) also increased the 86Rb efflux (data not shown).
High K+ contracts the vascular smooth muscles accompanied by an increase in K+ efflux (7). In the present study, TTX-insensi tive 86Rb efflux may also be caused by de polarization of the membrane which is fol lowed by activation of voltage-dependent K+ channels (7) or Cat+-dependent K+ channels (8).
As suggested by us in a previous study (2), high K+-induced relaxation displayed several properties similar to those of the CCK-8 induced one, except that the K+-induced relaxation was not antagonized by the pro glumide-peptide CCK antagonist P3-I (9). In the present study, CCK-8 (87.5 nM) only tended to enhanced the 86Rb efflux (Table 1) , whereas CCK-4 (141 ,uM) did not (data not shown).
The TTX effect on the CCK-8 induced enhancement of 86Rb efflux was extremently small and could hardly be es timated. The TTX-sensitive part of the high K+-induced 86Rb enhancement for 10 min was 4-times greater than the CCK-8-induced total increase. The difference in the extents of 86Rb efflux between high K+ and CCK-8
suggests subtly different mechanisms. The mechanism of CCK-8-induced relaxation may not be explained mainly by the increase of K+ efflux linked to hyperpolarization.
We specu late that even if both react presynaptically, different inhibitory substances may be released.
